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(54) improved catalyst composition for preparing hlgh-syndlotactldty polystyrene from styrene 
or other aryl ethylene monomers and processes using the same 

(57) A catalyst composition for preparing high-syndiotactlcity polystyrene polymers which conprises: (a) a titanium 
complex represented by the following formula of TIR'^RgR 3R'4 or TlR'iR'2R'3. wtierein R'^. R2. R'3 and R'4 are, inde- 
pendently, an alkyi group, an oryt group, and alkoxy group, an arytoxy group, an amino group, a hydrogen atom, or a 
halogen atom; (b) a cydopentadlenyl oomptex of silicon (Si), germanium (Ge). or tin (Sn) represented t>y one of the fol- 
lowing formulae 



X(R.)3 



or 




X(R), 



wherein Ri. Rg, R3 and R4 are. independently, an alkyi group, an ary) group, a sllyl groupi a germanyl group, a stannyl 
group, or a halogen atom; R is an alkyt group, aryl group, a hydrogen atom, or a ^ogen element; and X can be one of 
the Group IVA elemerrts of sIGcon (Si), germanium (Ge) or tin (Sn); and (c) an activated transitional metal co-catalyst 
whidi can be methyl aluminoxane. or a mixture containing a non-coordinated Lewis acid (a Lewis add is an electron- 
pair donor) and a trialKyI aluminum, such as triethyl aluminum or tetralsobutyl aluminum. 
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DascrlpUon 

ngLDQF THE INVENTION 

5 The present inventbn relates to an improved catalyst composition for preparing high^yndiotactidty polystyrene 
polymers. More speafcally. the present invention relates to an improved catalyst composition for preparing polystyrene 
polymers which provides high activity and high syndiotacticity, and with a lowered cost. 

BACKGROUND OF THE INVENTION 

10 

Peroxide is the most commonly used catalyst In the polymerizalion of polystyrene which causes free radicals to be 
generated to initiate the polymerization reaction. The polystyrene produced from the peroodda-catalyzed processes 
belongs to the type oi atactic polystyrene (aps). which, tiy definition, does not possess any stereo regularity. The atactic 
polystyrene, which has been widely used In many commercial appGcations for more half century, is an amorphous pol- 
ys ymer. The amorphous physical characteristics of atactic polystyrene have limited the range of their applications. The 
atactic polystyrene is prinriarily used in a relatively low-value added mar1<et. and they typically cannot be used in engi- 
neering plastics applications. 

teotactic polystyrene (ips), on the other hand, was also developed in as early as 1955, by G. Natla using the co- 
called Zlegler-Natta catalyst. The Isotactic polystyrene are a highly crystalline polymer, and it exhibits a very high melt- 
20 ing point (240 °C). These properties mate the isotactic polystyrene a suitable candidate for many engineering plastics 
applications. However, the isotactic polysfyrene suffers from the problem of having undesirably low crystallization rate, 
thus causing fabrication difficulties. Unless this problem can be overoome, the isotactic polystyrene does not appear to 
have very high commercial potential. 

Relative to atactic polystyrene and isotactic polystyrene, the syndlotactic polystyrene was relatively late comer. It 
25 was not until 1986 when the syndlotactic polystyrene was first developed by Ishihara using a metallocene catalyst com- 
position. Typically, the polymerization of syndlotactic polystyrene requires a catalyst composition containing a transi* 
tional metal titanium complex and methyl aiuminoxane (or lAAO^. The concerted actions of the titanium complex and 
the methyl aiuminoxane allows syndiotactic polystyrene to be polymerized. Descriptions of the processes for preparing 
syndlotactic polystyrene have been provided in. for axample. European Patent Appiicatbn EP 21 0.615. in which a cat- 
so alyst composition containing tetra(ethyoxy)titanium and methyl aiuminoxane was used for preparing syndiotactic poly- 
styrene; and in v/orld patent appfication WO 8.810.275. in which high syndiotactidty polystyrene was reported to have 
been prepared using a catalyst composition containing cydopentadienyl trichlorotitanium and methyl aiuminoxane. 

U.S. Pat. Nos. 4.774.301 and 4.808.680 disclosed the use of a catalyst oomposHion containing a transitional metal 
zirconium compioc and methyl aiuminoxane for preparing syndiotactic polystyrene. Compared to the catalyst composl- 
35 tions using a titanium complex and methyl aiuminoxane. these catalyst compositions containing the zirconium complex 
exhibited noticeably lower activity, and the polystyrene so produced exhibited relatively tower molecular weight and 
lower degree of syndiotacticity. 

All of the catalyst oompositions described above for preparing syndiotactic polystyrene contain Group IV transi- 
tional metal complexes and methyl alurrunoxane to provide activation. It should be noted that a very high excess of 
40 methyl aiuminoxane is required to provide the desired activated catalyst. Because of the high cost of methyl aiuminox- 
ane. these processes have very limited commercial applications. Thus it is highly deslrat^e to develop a metallocene 
based catalyst composition wtuch can minimize, or even eliminate, the amount of methyl aiuminoxane required. Euro- 
pean Patent AppGcation 505,890 and World Patent Application WO 980.367 disclosed a catalyst composition, which 
contains cydopentadienyl triaikyi titanium as a catalyst, a non-coordinated Ijewis add as a co-catalyst, and triisobutyl 
46 aluminum as a scavenger, for the preparation of high syndlotactiG polystyrena These catalyst compositionsw however, 
have relatively low activity. 

Within the family of titanium complexes, or more specHically titanocenes. the catalytic activity, for polymerizrig pol- 
ystyrene, is higher for titanocenes containing one cydopentadienyl ligand than those titanocenes containing two 
cydopentadienyl ligands. The catalytic activity of the titanocene containing one cydopentadienyl ligand is also higher 

so than titanium complexes containing no cydopentadienyl ligand (which is thus by definition not a titanocene). This rela- 
tive relationship has been disdosed in European Patent Application EP 210,615. While the catalytic activity of the tita- 
nium complexes containing no cydopentadienyl ligand is substantially lower than the titanocene containing one 
cydopentadienyl ligand, it has the advantage of being substantially cheaper. Therefore, from economic oonsiderBtions. 
it is highly desirable to dev^op a oo-catalyst composition that can substantially increase the activity of the cheapest tita- 

55 nium complexes, that Is, the titanium complexes that contain no cydopentadienyl ligand. so as to lower the overall cost 
of the metallocene catalyst composition while providing excellent catalytic activity. 
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SUMMARY OF THE INVENTION 

The primary object of the present invention is to develop an cmproved catalyst ccmposHion for preparing high-syn- 
diotacticity polystyrene polymeiB. More specifically, the primary object of the present invention is to develop an 
5 Improved catalyst oonr^Hlon for preparing polystyrene polymers which allows the use of nruire econorrdc Ingredients 
and nninimizes the expensive components such as mettiyl atuminoxane, so as to sutstantiaOy lower cost of the catalyst 
oonrpos'rticn, while providing high catalytic activity and high syndiotactictty. 

TTie catalyst composition disclosed in the present invention comprises the fbOowing three main components: 

70 (a) 0.1 to 10 parts by mole of a titanium (IV) or titanajm (III) complex represented by the following fornula of 
TIR'^R 2R'3R4 or 'nR'iR*2R3. wherein each of said R't. R'a. R 3 and R'4 is. independently, an alkyi group, an aryl 
groups an alkcocy groups an arytoxy group, an amino groups or a halogen atom; 

(b) 0.1 to 10 parts by mo\e of a cydcpentadienyl complex of silicon (Si), gemianium (Qe). or tin (Sn) represented 
by one of the Ibflowing formulae 

15 



20 




25 wherein each of said Ri, R2, R3 and R4 is. independenUy, an all^l group, an aryl group, a silyl group, a germanyl 
groups a stannyl group, or a halogen atom; R Is an alkyI group, an aryl group, a hydrogen atom or a halogen atom; 
and X is selected from the group consisting of the Group IVA elements of silicon (81), germanium (Qe) and tin (Sn); 
and 

(c) an activated transitional metal co-catalyst. This activated transitional metal co-catalyst can be methyl aiuminox- 
30 ane (20 to 1 0.000 parts by mole), or a mixture containing 0.1 to 20 parts by mole of a non-coordinated Lewis acid 
(prefer^ly a borate, such as N,N-dimethyl anilinlum tetiakis (pentafluorophenyl) borate, triphenyl carbonium tet- 
raki8(penta-fluorophenyl)borate. and fenrocerium tetraki5(pentaflumphenyf) borate) and 100 to 10,000 parts by 
mole of a trialkyi aluminum such as triethyl aluminum or tetraisobutyt aluminum. 

35 Preferably the catalyst composition disclosed in the present invention contains: 

(a) 0.5 to 2 parts by mole of the titanium (IV) or titanium (III) complex; 

(b) 1 to 4 parts by mole of the cydopentadlenyi complex of silicon (SQ. germanium (Ge). or tin (Sn); and 

(c) 50 to 1 .000 parts by mde of the methyl aluminoxane, or a mixture containing 0.5 to 4 parts by mole of the non- 
40 coordinated Lewis acid and 1 00 to 1 ,000 parts by mole of the triall^ aluminum. 

If the activated transitional metal co-catalyst contains ihe mixture of non-coordinated Lewis acid and trialkyi alumi- 
num, the preferred amount of the cyclopentadienyl complex Is from 0.5 to 2 parts by mola 

In the improved catalyst composition dsdosed in the present invention, the titanium conplex can be a Ti(lll) com- 

45 plax, Instead of the T1{IV) conplax as described In (a), above. In this enixxiiment. the titanium complex is represented, 
rather, by the formula of TIRS R 2R 3, wherein R'l. R 2, ^3, can be. Independently, an alkyI grouptan aryl group, an altaxy 
group, an aryloxy group, an antino group, or a halogen element. 

One of the advantages of the catalyst composition disclosed In the present invention is that it cai^es a very inex- 
pensive chemical. i.e., either TiR'i R 2R 3R 4 or TiR'^ R'gR 3, to exhibit high activity \n the production of high-syndiotadic- 

so ity polystyrene polymers from styrene or other aryl ethylene monomers. TlR'^RgR'sR 4 and TiR'-iR'gRa have largely 
been considered as having only tow activity in making syndiotactic polystyrene. With the present invention, the cost of 
the catalyst can be substantially reduced, connpared to Ihe conventional catalysts of similar activity and syndiotacticity. 
Another advantage of the catalyst composltfon disclosed In the present Invention is that it is not very sensitive to deg- 
radation by exposure to air and moisture. Most catalysts for the preparation of syndbtactic polystyrene contain 

ss cyclopentadiene-coordinated titanium, such as cyclopentadienyl trichlorotilanium arxl cyclopentadienyl trimatiioxytita- 
nium, whose activities are Known to be sensitive to air and moisture. The present invention, thus, cfiscloses an improved 
catalyst oompositlon for the preparation of hlgh-syndiotactidty polystyrene which axMblts superior activities and stability 
on storage, and can be made at a substantially lowered cost 
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BRIEF DESCmF UQM OF THE DRAWING 

The present invention will be described in detan with ref ^enoe to the drawing showing the prefen-ed embodiment 
of the present inv^ention, wherein: 

5 

Fig. 1 is a flow chart cfiagram showing the st^ of a preferred embodiment of the process disclosed in the present 
invention utilizing an improved catalyst composition for the preparation of high-syndiotacticity polystyrene poly- 
mere. 

10 DFTAILED DESC RIPTIOM QFTHF PRFFFRRED EMBODIMENT 

The present Invention discloses an imprDved catalyst composition for preparing high-syndiotacticity polystyrene 
polymers, and the process of utilizing this improved catalyst composition. The improved catalyst composition disclosed 
in the present invention allows the u&b of a very economical ingredient Itius substantiaDy lowering the manufacturing 
15 cost of the catalyst composition, while providing high activity and hi^ syndiotacticrty comparable to the best commer- 
cial products at substantially higher cost 

The catalyst oomposrtion disclosed in the present invention comprises the following three main components: 

(a) 0.1 to 10 parts by mole of a titanium complex represented by the following formula of TlR'iR'2R3R 4 wherein 
20 each of said R*i , R 2, R 3 and R'4 is. independently, an alltyt group, an aryl group, an altoxy group, an aryloxy flioup, 

an amino groif), or a halogen atom. 

In the improved catalyst composition disclosed in the present invention, the titanium complex can be a Tl(lll) 
conplex, instead of the Ti(IV) complex as described in (a), above. In this embodiment, the titanium complex is rep- 
resented, rather, by the formula TIR't R'aR's. wherein R'l. R2 and R'3, can be, Independerrtly. an alkyi group, an aryl 
25 group, an alkoxy group, an aryloxy group, an amino group, or a halogen atom. 

(b) 0.1 to 10 parts by mole of a cyclopentadlenyl complex of silicon (Si), germanium (Ge). or tin (Sn) represented 
by one of the following fornudae 




wherein each of said R-|, R2. R3 and R4 Is. Independently, an alkyl group, an aryl group, a sJlyl group, a germanyl 
group, a stannyl group, or a halogen atom; R is an alkyl group, an aryl group, a hydrogen atom or a halogen atom; 
40 and X is selected from the group consisting of the Group IVA elements of silicon (Si), germanium (Qe) and tin (Sn); 
and 

(c) an activated transitional metal co<alalyst 

This activated transitional metal co-catalyst can be mrthyl aluminoxane (20 to 10,000 parts by mole), or a nrtixlure 
46 containing 0. 1 to 20 parts by mda of a non-coordinated Lewis acW (a Lewis acid is an electron-pair donor) and 1 00 to 
10,000 parts by mole of a trialkyi aluminum, such as triethyi aluminum or tetiaisobutyl aluminum. Preferably the non- 
cooidinated Lewis acid is a borate such as N.N-dimethyt aniEnium tetrakis (pentafiuorophenyq borate, trq^heriyl carbon- 
ium tetrBkis(pentatfluorophenyl)borate, and ferrocerium tBtrakis(pent8fhiorophenyf)borate. 

As discussed above, one of the advantages of the catalyst composition disclosed in the present invention is that it 
so can utilize a very Inexpensive chemi<»l (compared to titanocenes). I.e., either ■nR*iR'2R3R'4 O'' "nR'iR2R'3. as an 
in^ortant ingredient to provide high activity catalytic function in the production of hlgh-syncfiotacticity polystyrene poly- 
mers from styrene or other aryl ethylene monomers. The titanium complexes TiR*iR'2R3R'4 TiR'iR'2R3 have been 
considered as an ineffectivB catalyst ingredient in the polymerization of syndiotactic polystyrene because of their rela- 
tively poor activity. With the present invention, because it can utilize these inexpensive ingredients while providing oonn- 
55 parable or even superior results, the cost of the required catalyst can be reduced by almost one order of magnitude, 
compared to the conventioral catalysts of similar activity and syncfiotacticity. Furthennore. most of these catalysts for 
the preparation of syndiotactic polystyrene contain cyclopentadiena-ooordlnated titanium (i.a. titanocenes). such as 
cyclopentadlenyl trichlorotrtanlum and cyclopentadlenyl trimethoxytitanium, which have been known to be highly sensi- 
tive to environmental variables such as air and moisture. Another advantage of the catalyst composition disclosed in the 
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present invention is ttiat it is not very sensitive to degradation by exposure to air and/dr moisture. The pres^ invention, 
thus, discloses an improved catalyst composition for the preparation of high-syndiotactidty polystyrene which exhavts 
superior activities and stability on storage, and can be made at a substantially lowered cost. 

Rg. 1 is a flow chart diagram showing the steps of a preferred embodiment of the process disclosed in the present 

5 invention. A polystyrene reactor maintained at 50 ""C is first charged with nitrogen gas to purge air. 11 0 ml of toluene 
and an appropriate amount of methyl aluminaxane are added into the reactor, followed by the addition of cydopentadi- 
enyl trimethyi silicon oomplax and a titanium (IV) complex. TIR', fV2R'3R*4. The reaction mixture is stirred for 5 minutes, 
then styrene monomers are added to start the polymerization reaction. Alter about one hour, when the polymerization 
reaction b complete, the reaction mixture (which contains the reaction product) is quenched with IPA to isolate syndio- 

10 tactic polystyrene (sps) by predpftation. The syndiotactic polygene so obtained is extracted with MEK to remote 
amorphous polystyrene. The insoluble portion is oonventionaily called the MIP (MEK-insduble portion), which is an 
indication of the ratio between syndiolactlc polystyrene and atactic polystyrene. 

The present invention will now be desaibed more specifically with reference to the following examples. It is to be 
noted that the following descriptions of examples, Including the preferred enijodiment of this Invention, are presented 

75 herein for purposes of illustration and description, and are not intended to be exhaustive or to limit the invention to the 
precise form disclosed. 

Example 1 

20 100 ml of toluene was added into a 450-ml Rsher-Pcrter bottle, which was equipped with an electrically powered 
stin-er The reaction bottle was heated until its intemai temperature reached 70 ""Q then methyl aluminaxane (containing 
6.6 mmole Al) was added. Subsequently, 0.75 ml of 1.6 x 10'^ tnisoproposvchloro titanium, cm(aiPr)3. in toluene, 
and 0.75 ml of 1 .6 x 1 0"^M tetramethylcyclopentadienyttrimethyl sifioon in toluene were added Rnally 20 ml of styrene 
monomer was added to begin the polymerization reaction. After the reaction was continued at 70 *C for one hour, melh- 

25 anol was added to stop the reaction. While syndiotactic polystyrene particles were precipitated from the reaction mix- 
tura After nitration and drying (at 80 "C and under a reduced pressure), 11.35 g of syndiotactic polystyrene were 
obtained. This represented a catalytic activity of 2.0 x 10^ g eps/g Ti • hr. The syndiotacticity of the syndiotactic polysty- 
rene 80 produced was analyzed using NMR to be 98%. A Soxhlet extraction procedure was also perfomned to measure 
the apa/sps ratio using msthylethyl ketone. The MEK-insoluUe portion (MIP) was measured to be 92%. 

30 

CoiTParative Example 1 

The procedure in Comparable Example 1 was identical to that in Example 1. except that the reaction mixture did 
not contain tetramettiylcyclopentadienyllrimethyl silicon. In this example, the catalyst composition contained only 
35 methyl 6.6 mmole of aluminaxane (measured based on tlie content of Al) and 0.75 ml oil .6 x 10'^M aTi{0-iPr)3 in tol- 
uene. After the steps of polymerization reaction, precipitation with methanol, filtration, and drying, 0.42 g of sps was 
obtained, representing a catalytic activity of 8.5 x 10^ g sps/g TI • hr. 

Example 2 

40 

100 ml of toluene was added Into a 450-ml Fisher-Porter bottle, which was equipped wHh an electrically powered 
stin-er. The reaction bottle was heated until its intOTal temperature reached 70 **C. then metfiyl aluminoxane (containing 
6.6 mmole Al) was added. Subsequently, 0.75 ml of 1.6 x 10'^M tnlsopropoxychloro titanium, crTi(0-iPr)3, in toluene, 
and 0.75 ml of 1.6 x lOr^ tetramethylcyclopentadienyl-tri(n-butyO tin in toluene were added. Finally 20 ml of styrene 
45 monomer was added to begin the polymerization reaction. After the reaction was continued at 70 *C for one hour, meth- 
anol was added to stop ttie reaction. White syndiotactic polystyrene particles were precipitated from the reaction mix- 
ture. After ffltration and drying (at 80 '^C and under a reduced pressure), 3.42 g of syndiotactic polystyrene were 
obtained. This represented a catalytic activity of 6.0 x 10^ g sps/g Ti • hr. 

so Example 3 

1 00 ml of toluene was added into a 450-ml Fisher-Porter bottle, which was equipped witii an electrically powered 
stirrer. The reaction bottie was heated until its intemai temperalure reached 70 ^C, tiien a mixhjre containing 1 .21 ml 
(4.8 X 10"^ mole) of Iriisobulyl aluminum (a Irialkyl aluminum) and 0.012 g (1.4 x 10"^ mole) of N,N-dimethyl anilinium 
ss totraWs (pentafluorophenyl) borate (a non-coordinated Lewis add) was added. This was followed by the addition of 0.75 
ml of 1 .6 X 10*2 M tetraethoxy titanium, Tl(0Et)4, in toluene, and 0.75 ml of 1 .6 x 1 0"^ M tetramethylcyclopen adienyllri- 
methyl silicon In toluene. Rnally 20 ml of styrene monomer was added to begin the polymerization reaction. After the 
reaction was continued at 70 for one hour, metiianol was added to stop the reaction. WhOe syndiotactic polystyrene 
partidee were precipitated from the reaction mixture. After filtration and drying (at 80 **C and under a reduced pressure). 
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7.24 g ol syndiotactic pdyslyrene were obtsdned. This represented a catalytic activity of 1.3 x 10^* q sps/g Ti • hr. 
Example 4 

100 ml of styrena was added Into a 450-ml Rsher-Porter k)0ttle. wtilch was equipped with an electrically powered 
stirrer. Then methyl aluminaxane (containing 12 mmole AO was added. The reaction bottle was healed unto its internal 
temperature reached 70 *^C. Subsequently, 2.4 x 10-^ mole of triisopropoxychloro titanium. cm(0-IPr)3 and 2.4 x 10^ 
mole of tetramelhylcydopentadienyltrimethyl silioon were added to begin the polymerization reaction. After the reaction 
was continued at 70 *C tor 20 minutes, excess amounts of methanol were added to stop the reaction. White syndiotactic 
polystyrene particles were precipitated from the reaction mixtur& After filtration and drying (at 80 ^'C and under a 
reduced pressure). 23.34 g of syndiotactic polystyrene {nrp = 269 ^C) were obtained. This represented a catalytic activ- 
ity of 6.1 x 10* g sps/g Tl • hr. 

Examples 

50 ml of atyrene was added into a 450-ml Rsher-Porter bottle, which was equipped with an electrically powered stir- 
rer. Then metf^l aluminoxano (containing 12 mmole AO was added. The reaction bottle was heated until its internal 
temperature reached 70 **C. Subsequently. 2.4 x 10"^ mole of triisopropoxychloro titanium, CITl(0-iPr)3 and 2.4 x 10"^ 
mole of trimethyl sityl indene were added to begin the polymerization reaction. After the reaction was continued at 70 
°C for 20 minutes, excess amounts of methanol were added to stop the reaction. White syndiotactic polystyrene parti- 
cles were precipitated from the reaction mixture. After filtration and diying (at 80 ""C and under a reduced pressure). 
23.34 g of syndiotactic polygene (mp » 268 ""C and syndiotacticity > 95%) were obtained. Tills represented a catalytic 
activity of 2.2 x 10^ g sps/g Ti •hr. 

The foregoing description of the preferred embodiments of this invention has been presented for purposes of Illus- 
tration and description. Obvious modSications or variations are possible in light of the above teaching. The embodi- 
ments were chosen and desaibed to provide the best illustration of the principles of this invention and its practical 
application to thereby enable those skilled in the art to utilize the Invention in various embodiments and with various 
modifications as are suited to the particular use contempbted. All such modifications and variations are within the 
scope of the present Invention as determined by the appended claims when interpreted In accordance with the breadth 
to which they are ^irly, legally, and equitably entitled. 

Clalnis 

1 . A catalyst composition tor the preparation of high-syndiotacticity polystyrene or other aryl ethylene polymers from 
styrene or substituted slyrene comprising: 

(a) 0.1 to 10 parts by mole of a titanium (IV) or titanium (HQ complex which does not contain cyclopentadienyl 
llgand. said titanium complex Is represented by the following formula of TIR'^ RaR'aR 4 ^ TiRiR'2R 3. wherein 
each of said R'l, R'2. R3 and R'd is, independentiy, an alkyi group, an aryl group, an alkoxy group, an arylcxy 
group; an amino group, or a halogen atom; 

(b) 0.1 to 10 parts by mole of a cyclopentadienyl complex of silicon (Si), germanium (Ge), or tin (Sn) repre- 
sented by one of the fbllowing formulae 




wherein each of said Ri . R2, R3 and R4 is, Independently, an alkyI group, an aryl grou^^ a silyl group, a germa- 
nyl group, a stannyl group, or a halogen atom; R is an alkyfl group, an aiyl group, a hydrogen atom or a halogen 
atom; and X is selected from the group consisting of the Group IVA elements of silicon (Si), germanium (Ge) 
and tin (Sn); and 

(c) an activated transittonal metal co-calalyst which Is either 20 to 1 0.000 parts by mole of methyl aluminoxane. 
or a mixture containing 0. 1 to 20 parts by mole of a non-coordinated Lewis add and 1 00 to 1 .000 parts by mole 
of a trialkyi aluminum; 
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(d) wherein eaid substituted styrene is a Ci.i2-8ut)8tituted styrene or a mono-or poly-halogenated styrene. 

2. A catalyst composilion aoconJing to daim 1 characteriBed in that said trialky^ aluminum contained in said activated 
transitional metal co-catalyst is selected from trimethyl aluminum, triethyl aluminum, triisobutyl aluminum. tri(n- 

5 butyl) aluminum. trfCn-prapyO aluminum, and trilsopropyl alundnum. 

3, A catalyst composition according to daim 1 or dalm 2 characterised In thai said non-coordinated Lewis add con- 
tained in said activated transitional metal co-catalyst is borata 

TO 4. A catalyst composition according to daim 1 or daim 2 characterised in that said non-coordinated Lewis add con- 
tained in ^'d activated transitioral metal co<atatyst is selected from the group consisting of N,rWimelhy! anilinium 
tetrakis (pentHfluorophenyi) borate, Iriphenyl carbonlum tetraMsCpentafluorophenyOborate. and ferrocerium tet- 
rakis(pentafluorophenyl)borate. 

75 5. A catalyst composition according to daim 1 or daim 2 characterised in that said non-coordinated Lewis add con- 
tained in said activated transitional metal co-catalyst is dialkyi ferrocerium tetrakis(pentaf !uorophenyl)borat& 

6. A catalyst composition according to daim 1 characterised in that said activated transitional metal co-catalyst com- 
prises a non-coordinated Lewis acid, wtiich is N.N-dlmethyt anilinium tetrakis (pentaf luorophenyl) borate, and a tri- 

20 alkyi aluminum, which is selected from the group conasting of trimethyl aluminum, triettiyi aluminum, triisobutyl 
aluminum, tri(n-butyO aluminum. triCn-propyQ aluminum, and triiscpropyl aluminum. 

7. A catalyst composition according to any one of claims 1 to 6 characterised in that said cydopentadienyl complex is 
tetrameitrylcydopentadlenyltrimethyl silicoa 

25 

S. A catalyst composition according to any one of claims 1 to 6 characterised In that said cyclcpenladienyl complex is 
tetramethylcyclopentadienyl-tri(n-butyQ tin. 

9. A catalyst composition according to any one of claims 1 to 8 characterised in that said titanium complex is triiso- 
zo propoxychloro litaniiATL 

10. A catalyst composition according to any one of daims 1 to 8 characterised in that said titarvum complex is tetrae- 
thoxylitaniunrL 

35 1 1 . A catalyst composilion according to anyone of claims 1 to 1 0 characterised in that it contains: 

(a) 0.5 to 2 parts by mde of said titanium (IV) or titanium (III) complex; 

(b) 1 to 4 parte by mole of saW cydopentadienyl complex of silicon (SI), germanium (Ge), or tin (Sn); and 

(c) 50 to 1 .000 parts by mole of said methyl aluminoxane. or a mixture containing 0.5 to 4 parts by mole of said 
40 non-coordinated Lewis acid and 1 00 to 1 ,000 parts by mole of said trialkyi aluminum. 

12. A catalytic process for preparing high-eyndiotacticity polystyrene or other aryi ethylene polymers from styrene or 
substituted styrene monomers, wherein said sii)slituted styrene is a Ci.i2-substi1iJted styrene or a mono- or poly- 
halogenated styrene characterised in that said styrene or substituted styrene monomer is polymerised in the pres- 
45 ence as catalyst of a calaly&t composltton as claimed In any one of daims 1 to 1 1 . 
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